A distributed fair partner selection scheme for decode-and-forward cooperative relay networks based on auction theory is proposed. Modeling a single relay node as an auctioneer and multiple source nodes as bidders, the source nodes compete with each other by offering competitive prices to determine the recipient of the cooperative resources. The closed-form Nash equilibrium strategy and outage probability for each source node are derived over independent and identically distributed Rayleigh fading channels. The effectiveness of the proposed scheme is verified by simulation results.
Introduction
Cooperative relaying techniques have recently achieved a great deal of popularity as an efficient way to mitigate fading in wireless networks. Various cooperative protocols have been proposed in [1, 2] , among which the decode-and-forward (DF) algorithm is an appealing relay strategy [3] . Partner selection is an important issue which affects the performance of the cooperative system significantly [4, 5, 6] . However, the proposed partner selection schemes were based on relay selection, and they did not consider the scenarios of competing source nodes.
In this paper, a novel partner selection scheme based on auction theory is proposed. Since the source nodes should compete with each other to obtain the relay assistance, the proposed scheme is an example of so-called competitive fairness. In addition, the scheme can be implemented in a distributed manner.
System Model
We consider a DF cooperative network consisting of one relay node r and a set {1, , } N of source-destination pairs (see Fig. 1 ). Each pair includes a source node Suppose that if the received SNR at the relay node exceeds a prescribed decoding threshold , the source node's information can be decoded correctly, and the set of such source nodes is denoted by S . The relay node selects one source node (1)
Problem Formulation and Solution
Since the relay node r can only forward one source node's information in a given interval of time co T , the following question needs to be answered: how should the relay node select a source node from S to achieve cooperative transmission? We address this issue by designing an auction-based distributed partner selection framework, in which the relay node and the source nodes act as auctioneer and bidders, respectively. The bidders compete with each other by submitting competitive prices. The first-price auction form is applied in this paper, in which the source node with the highest bid gets the relay node's resources and pays the amount it bids. Each source node in S submits a bid b to the relay node, and given these bids, the payoff of i s is [7] max , 0 max
where i v represents i s 's valuation for cooperation transmission. If there is a tie, the relay node goes to each winning source node with equal probability.
Formulation for Valuation
Considering efficiency, the valuation should reflect the source node's performance improvement compared with direct transmission. Since the performance of each source node is mainly determined by its received SNR, it is reasonable to express
where is the common unit price, and 
Nash Equilibrium (NE)
Each source node in S should determine the bidding strategy to maximize its expected payoff. The desirable outcome is called a NE, which is a bidding strategy * such that no bidder wants to deviate unilaterally. From [7] , we can get
where n p denotes the probability that any participating bidder faces n other bidders, and it can be denoted as ( ) 
Outage Probability
Suppose the required transmission rate of i s is R , then its outage probability can be given by Fn .
Then the outage probability can be expressed as ( ) 
Simulation Results

Summary
By jointly considering fairness and efficiency, a distributed auction-based partner selection scheme is presented for DF cooperative relay networks. The closed-form NE and outage probability for each source node have been derived over i.i.d. Rayleigh fading channels. In addition, the analysis has been verified by numerical results.
